Photo-oxidative stress in symbiotic and aposymbiotic strains of the ciliate Paramecium bursaria.
We tested the hypothesis that photo-oxidative stress is greater in symbiotic representatives of the freshwater ciliate Paramecium bursaria than in aposymbiotic (i.e., without Chlorella) ones. The level of oxidative stress was determined by assessing reactive oxygen species (ROS) with two fluorescent probes (hydroethidine and dihydrorhodamine123) by flow cytometry in exponential and stationary growth phases of both strains. Photo-oxidative stress was assessed in the laboratory after exposure of the ciliates to photosynthetically active radiation (PAR: 400-700 nm) and PAR+ultraviolet radiation (UVR: 280-400 nm). Additionally, both strains were screened for their antioxidant defenses by measuring the activity of the enzymes catalase, superoxide dismutase (SOD), and glutathione reductase. The results showed that aposymbiotic ciliates had higher levels of PAR-induced oxidative stress than symbiotic ones. Significant differences in PAR-induced oxidative stress were also found in both strains when comparing exponential and stationary growth phases with generally higher values in the former. After exposure to UVR, aposymbiotic ciliates in the stationary phase had the highest levels of ROS despite an increase in SOD activity. By contrast, exposure to UVR decreased catalase activity in both strains. Overall, our results suggest that in this ciliate symbiosis, the presence of symbionts minimizes photo-oxidative stress. This work represents the first assessment of photo-oxidative stress in an algal-ciliate mutualistic symbiosis.